Abstract. The treatment landscape of advanced renal cell carcinoma (RCC) is rapidly evolving. Immune checkpoint inhibitors (ICI) have now become the preferred first line treatment with the approval of nivolumab and ipilimumab combination in intermediate to poor risk patients. Combination/s of ICI with vascular endothelial growth factor (VEGF) inhibitors will also be approved in future. The optimal treatment of patients who progress on ICI-based therapies is not well defined as of yet. In this review, we discuss the data regarding various treatment options available in this space, their limitations, and also provide our opinion regarding treatment selection.
INTRODUCTION
Renal cell carcinoma (RCC) accounts for approximately 3% of cancers in adults and is the most common kidney cancer accounting for 90-95% of cases [1] . In the US, an estimated 73,820 new cases with an estimated 14,770 deaths will occur from RCC in 2019 [2] .
Surgical resection is the treatment of choice for patients with localized RCC, and there is no adjuvant treatment that has shown an improvement in overall survival (OS) after surgical resection [3] . Approximately 25-30% of patients present with metastatic disease and 30% of patients who are treated for localized RCC develop recurrent disease [4, 5] . These patients with metastatic, advanced, or recurrent RCC are then treated with systemic therapy, which dramatically changed with the introduction of targeted agents like vascular endothelial growth factor (VEGF) inhibitors (such as bevacizumab, sunitinib, pazopanib, axitinib and cabozantinib) or mammalian target of rapamycin (mTOR) inhibitors like temsirolimus and everolimus [6] . Although these agents have significantly improved outcomes, they rarely result in complete responses, and resistance to these agents is inevitable, leading to progressive disease (PD) in virtually all patients [7, 8] .
Renal cell carcinoma is an immune-responsive tumor and high dose IL-2 has been used in select patients leading to complete and durable responses in a subset of them [9] . Improved understanding of T cell function and associated immunosuppressive molecules such as cytotoxic Tlymphocyte-associated protein 4 (CTLA-4), program death 1 (PD-1) and PD-1 ligand 1 (PD-L1), called immune checkpoints, have led to the development of novel immunotherapies [10] . Nivolumab, an immune checkpoint inhibitor (ICI) in the form of a monoclonal antibody directed at PD-1, has been investigated for the treatment of refractory metastatic RCC. In a randomized phase III trial, Checkmate 025, nivolumab was shown to improve overall survival (OS) as compared to everolimus, a mammalian target of rapamycin (mTOR) inhibitor (Hazard Ratio (HR), 0.73; p = 0.002). The overall response rate (ORR) with nivolumab was 25% vs. 5% with everolimus (p < 0.001), although complete response was rare (1%). The treatment was well tolerated. Based on these data, nivolumab was approved by FDA as a first ICI in RCC treatment and became a preferred second line treatment option [11] .
ICI either alone, or more often in combination with another ICI or a VEGF inhibitor, have now been introduced in the first line setting. Here we discuss data regarding these agents.
NIVOLUMAB AND IPILIMUMAB COMBINATION
Combination treatment with nivolumab and ipilimumab, an anti-CTLA 4 antibody, was investigated in untreated RCC patients in a randomized phase III trial, Checkmate 214 [12] . As compared to sunitinib, the nivolumab and ipilimumab combination led to improved OS (HR, 0.63; P < 0.001) in intermediate or poor-risk patients. The median progression-free survival PFS was 11.6 months and 8.4 months, respectively (HR, 0.82; p = 0.03, not significant per the prespecified 0.009 threshold). The ORR was 42% vs. 27% (P < 0.001), and the complete remission (CR) rate was 9% vs. 1% in nivolumab and ipilimumab arm as compared to sunitinib. Based on these data, this combination was approved by FDA for intermediate or poor-risk RCC patients [13, 14] . The situation is more complex in good-risk patients where response and PFS favor sunitinib over nivolumab and ipilimumab, but long term follow-up for overall survival data is required.
AXITINIB AND PEMBROLIZUMAB COMBINATION
A randomized phase III trial evaluated the combination of axitinib and pembrolizumab in untreated advanced or metastatic RCC compared to sunitinib. The co-primary endpoints of this trial were OS and PFS in the intention to treat population. The trial met both of its primary endpoints and showed that treatment with the combination of axitinib and pembrolizumab, lowers the risk of death (HR for death, 0.53; 95% CI, 0.38-0.74; P < 0.0001) and disease progression (HR for disease progression or death, 0.69; 95% CI, 0.57-0.84; P < 0.001). The ORR was 59.3% (95% CI, 54.5-63.9) in the combination group and 35.7% (95% CI, 31.1 to 40.4) in the sunitinib group (P < 0.001). These favorable outcomes with combination treatment were observed across all risk groups and regardless of PD-L1 expression [15] .
AXITINIB AND AVELUMAB COMBINATION
JAVELIN Renal 101 investigated the combination of axitinib and avelumab in untreated RCC patients with metastatic or advanced disease. The co-primary endpoints of this randomized phase III trial were PFS and OS in PD-L1+ patients. The trial met one of its co-primary endpoints with an improvement in PFS. Median PFS was 13.8 versus 7.2 months in the combination arm compared to the sunitinib arm (HR, 0.61; p < 0.001) in PD-L1+ patients. OS data was immature at the time of presentation. The median PFS in the overall population, a key secondary endpoint, was 13.8 versus 8.4 months in the combination arm compared to the sunitinib arm (HR, 0.69; p < 0.001). The ORR and CR rate in PD-L1+ patients were 55% and 4% in the combination arm as compared to 26% and 2% in the sunitinib arm [16] .
BEVACIZUMAB AND ATEZOLIZUMAB COMBINATION
Similarly, a randomized phase III trial met one of its co-primary endpoint demonstrating superiority of combination of atezolizumab, an anti-PD-L1 antibody, with bevacizumab, as compared to sunitinib monotherapy [17] . The co-primary endpoints of the trial were PFS by investigator-assessment in PD-L1+ patients and OS in intention to treat population (IIT). The PFS in the PD-L1+ patients was 11.2 months (8.9, 15.0) in the combination arm vs. 7.7 months (6.8-9.7) in the sunitinib arm (HR, 0.74; 95% CI: 0.57-0.96; p = 0.02). The OS in the IIT population was immature at the time of data presentation. The ORR in the PD-L1+ patients was 43% (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) in the combination arm as compared to 35% (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) in the sunitinib arm. The CR rate in the PD-L1+ patients was 9% in the combination arm as compared to 4% in the sunitinib arm.
PEMBROLIZUMAB MONOTHERAPY
Similarly, pembrolizumab monotherapy for treatment naïve patients has also shown promising clinical activity in a phase II trial [18] . The ORR was 38.2 % (29.1-47.9) and CR 2.7% in all treated patients. Patients with positive PD-L1 expression had an ORR of 50.0 % (34.9-65.1) as compared with 26.4% (15.3-40. 3) seen in PD-L1 negative patients as defined by the investigator assessment. The median PFS was 8.7 (6.7-12.2) and median OS was not reached.
CABOZANTINIB
Based on Meteor trial data as described later in this article, cabozantinib was investigated in intermediate and poor-risk previously untreated RCC in the randomized phase II CABOSUN trial [19] . The PFS with cabozantinib was 8.6 months (95% CI: 6.8, 14.0) compared with 5.3 months (95% CI: 3.0, 8.2) for patients taking sunitinib (HR 0.48; 95% CI: 0.31, 0.74; p = 0.0008) [20] . The FDA extended the approval for cabozantinib to include first line treatment naïve RCC patient on December 19, 2017, based on these results. This trial tried to answer an important question regarding the added clinical benefit of MET and AXL inhibition in addition to VEGF pathway inhibition with cabozantinib. However, several limitations of the trial have been highlighted [21] including an underperformance of sunitinib arm (5.6 months) as compared to historical data (10.6 months) from the registration trial [22] and more recent data (8.4 months) from the Checkmate 214 trial [12] . Based on a composite assessment of these datasets, an ICI based therapy has been adopted as a standard of care (SOC) for untreated RCC patients with the option of cabozantinib usually reserved for patients who are not candidates for an immune based therapy.
WHAT COMES AFTER IO
As discussed above, the first line treatment landscape of RCC is rapidly evolving. These changes in the treatment paradigm have raised several important clinical questions regarding the sequencing of treatment after patients progress on these immune based therapies. Although these patients will likely go on to receive TKIs (or other targeted treatments like mTOR inhibitors), the data regarding their efficacy and safety in this setting is needed. The main objective of this review is to summarize and discuss available data regarding various treatment options in these patients, our opinion regarding treatment sequence and selection, and future directions in this space.
Few retrospective analyses have evaluated the efficacy of targeted treatment in patients who have disease progression on ICI-based therapy [23] [24] [25] . The ORR ranged from 13-29% and PFS or Time to Treatment Failure (TTF) ranged from 6.4-6.6 months. These studies represent a heterogeneous patient population with several limitations but generally suggest feasibility and at least reasonable efficacy of targeted agents in this setting.
Another retrospective study evaluated the clinical outcomes of patients receiving second-line TKIs after progression on nivolumab and ipilimumab treatment as part of the Checkmate 214 study, thereby providing data in a more homogenous patient population [26] . In this analysis, sunitinib (51%) was the most commonly used TKI followed by axitinib (24%), pazopanib (18%), and cabozantinib (6%). The objective response rate was 36% and the disease control rate was 76%. The median PFS for second-line TKI therapy was 8 months (95% CI: 5-13). This study demonstrates clinical efficacy of TKIs after progression on front-line nivolumab and ipilimumab treatment.
Here we describe available data regarding the available agents in the treatment of refractory disease and specifically after PD on ICI-based therapy. (Table 1) .
AXITINIB
Axitinib is a selective TKI against VEGF receptors 1, 2, and 3. In the randomized phase III AXIS trial it was compared against sorafenib in patients with metastatic RCC who had progressed on previous systemic therapy. Axitinib showed an improved PFS of 6.7 months vs. 4.7 months with sorafenib (HR, 0.665; p < 0.0001). The ORR was 19% for patients receiving axitinib vs. 9% for sorafenib (p = 0·0001) [27] . In patients who received cytokine-based immunotherapy as first line therapy, patient given axitinib on this study had a median PFS of 12.1 months vs. 6.5 months with sorafenib, suggesting efficacy for this agent after immunotherapy. Based on these data, axitinib was approved for patients with relapsed disease or refractory to cytokine and TKI therapy [13] .
The activity of axitinib after progression on an ICI was evaluated in a prospective phase II trial where other) and anti PD-L1 in 11% of the cases (6% atezolizumab, 3%bevacizumab and atezolizumab; 3% durvalumab). The estimated median PFS in the evaluable patients was 9.2 months with 54% patients were still on the treatment at the time of presentation. The ORR was 38.7% whereas SD and PD was found in 48.3% and 12.9% respectively. There were no unexpected toxicities related to axitinib observed on the study [28] . The retrospective studies discussed above have also reported data on axitinib use in patients with progression on an ICI. In one study, 20/56 received axitinib after progression on an ICI with a median TTF of 10.0 (0.2+, 19.3), one-year survival rate of 69 % (34,88), and ORR of 16 % [25] . Similarly, a second study reported 14/28 patients who received axitinib after progression on an ICI with a median PFS of 6.4 months (4.7-8.1) and an ORR of 29% [24] . In patients progressing on nivolumab and ipilimumab, the median PFS with subsequent axitinib treatment was 7 months (95% CI, 5-NR) [26] .
CABOZANTINIB
Cabozantinib is an oral TKI which targets multiple kinases involved in RCC, including AXL, MET, and VEGF receptors [29] . It was approved for use in the refractory setting based on the phase III METEOR trial where cabozantinib showed an improved PFS as compared to everolimus (7.4 months vs. 3.8 months; HR, 0.58; 95% CI, 0.45 to 0.75; p < 0.001). The response rates were 21% in cabozantinib arm vs. 5% with everolimus (p < 0.001) [30] . In the updated results, cabozantinib was found to have improved overall survival with median overall survival of 21.4 months (95% CI 18·7-not estimable) vs. 16·5 months (14·7-18·8) with everolimus (HR, 0·66; 95% CI, 0·53-0·83; p = 0·0003) [31] . In a subgroup analysis of patients with bone metastases, cabozantinib showed an improved PFS as compared to everolimus (7.4 months vs. 2.7 months; HR, 0.33; 95% CI, 0.21-0.51). Similarly, OS, ORR and rate of skeletal events favored cabozantinib over everolimus. These data may suggest benefit of cabozantinib in patients with bone metastases. However, the PFS with cabozantinib in patients with bone metastases (7.4 months) was numerically similar to overall population (7.4 months), and therefore one could argue that these data infact suggest that everolimus has poor outcomes in patients with bone metastases [32] .
A retrospective review of cabozantinib of 69 patients after PD on ICI was presented at ESMO 2018. Median age on this study was 62 years (range 37-78) and median number of prior therapies was 2 (range 1-10). At the time of cabozantinib treatment, IMDC risk groups were 6% good, 67% intermediate and 27% poor. Most recent therapy was single agent ICI in 54%, combination of ICI with a VEGF inhibitor in 35%, and other therapies in 12%. The ORR was 33% whereas SD and PD were found in 46% and 17% respectively. The median TTF was 6.6 (95% CI: 5.3-8.5) months and 35% were still on treatment at the time of analysis. One-year OS rate was 53% (95% CI: 37%-66%) [33] .
In another retrospective study of VEGF TKIs after progression on ICI, 3/28 patients received cabozantinib after progression on an ICI with 33% ORR [24] .
TIVOZANIB
This is a selective VEGFR 1, 2 and 3 inhibitor, which was evaluated in a phase III for untreated patients with metastatic RCC. Tivozanib showed an improvement in PFS as compared to sorafenib (11.9 vs. 9.1 months, p = 0.042). The ORR for tivozanib, based on blinded independent radiology review, was 33.1% (95% CI, 27.4-39.2) versus 23.3% (95% CI, 18.3-29.0) for sorafenib. No improvement in OS was observed with tivozanib treatment. It should be noted that 61% patients in the sorafenib arm were crossed over to tivozanib arm due to PD whereas patients in the tivozanib arm were not allowed to cross over which might explain the lack of OS benefit [34] . Tivozanib compared to sorafenib was then investigated in refractory (failed at least two prior regimens) advanced or metastatic RCC. Tivozanib showed a 44% improvement in median PFS and 27% reduction in risk of progression or death (HR, 0.73; p = 0.02). The median PFS was 5.6 months for tivozanib as compared to 3.9 months for sorafenib. The OS data was still immature whereas ORR was 18% with tivozanib compared to 8% for patients receiving sorafenib (p = 0.02). Of note, approximately 28% of patients in this trial received ICI in earlier lines of treatment and thus will be an important prospective dataset of a TKI use in the post ICI space [35] .
PAZOPANIB
Pazopanib, an oral TKI against VEGF and PDGF receptors, was investigated in a phase III clinical trial in patients with advanced or metastatic RCC [36] . Patients who received pazopanib had improved PFS of 9.2 months vs. 4.2 months in patients who received placebo (HR, 0.46; p < 0.0001). The ORR was 30% for patients in the pazopanib arm vs. 3% for placebo. It has been a commonly used initial agent in untreated metastatic RCC based on these data and favorable tolerability [13, 14] .
No prospective data exists regarding the use of pazopanib in post ICI space, however an ongoing trial is accruing patients as discussed later in this article. In the retrospective review from Albiges et al., 14 patients received pazopanib with TTF of 4.8 (range, 0.6-11.1) months and 1-year OS survival rate of 61 % (range, 27-84) [25] . Best response was SD in 9 patients whereas PD occurred in the remaining 5 patients. On the other hand, Barata et al. [24] reported 7 of 28 patients who received pazopanib after progression on an ICI with a median PFS of 5.6 months (1.2-10.0) and ORR of 43%.
SUNITINIB
Sunitinib is an oral TKI against both VEGF and PDGF receptors [37] . It was evaluated in a phase III clinical trial which randomized patients with untreated metastatic RCC to sunitinib or IFN [22] . Patients who received sunitinib had an improved PFS (11 vs. 5 months; HR, 0.54; p < 0.001) and ORR (47% vs. 12%; p < 0.001) as compared to patients who received IFN. It has been used as a standard first line treatment options for metastatic renal cell carcinoma [13] .
No prospective data regarding its use in the post ICI space exists. A retrospective study [24] has reported 4 patients treated with sunitinib with a median PFS of 2.9 (0.0-7.6). No responses were observed. SD was found in 50% (2) and PD in 50% (2) of patients. Similarly, in patients progressing on nivolumab and ipilimumab, the median PFS with subsequent sunitinib treatment was 8 months (95% CI, 3-NR) [26] .
mTOR INHIBITORS
Mammalian target of rapamycin is a serine/threonine kinase which acts as a downstream effector of the phosphoinositide 3-kinase/AKT pathway. mTOR inhibitors had been of great interest in RCC due to the association of mTOR pathway with HIF, which is upregulated in majority cases of ccRCC due pVHL loss [38] .
Everolimus was investigated in a phase III trial which compared everolimus with placebo for patients who had progressed on sunitinib or sorafenib [39] . Treatment with everolimus was associated with improved PFS (4.0 months vs 1.9 months; HR, 0.33; p < 0.001) and an ORR of 1.8 percent. On the other hand, temsirolimus was investigated in a phase III trial where patients with poor-and some intermediate-risk RCC were randomized to temsirolimus, temsirolimus plus interferon (IFN) or IFN alone. Treatment with temsirolimus was associated with significant improvement in OS (10.9 versus 7.3 months; HR, 0.73; 95% CI, 0.58-0.92). The median PFS (5.5 months vs. 3.1 months) and ORR (8.6% vs. 4.8%) were also improved with temsirolimus as compared to INF. No additional benefit from combining temsirolimus with IFN was observed [40] . Based on these data both everolimus and temsirolimus have been approved as potential systemic treatments in refractory and first line setting respectively [13] . However, clinically, their use has been pushed to highly refractory patients due to availability of multiple other active agents and the likelihood that major responders have alterations of the PI3K-Akt-mTOR pathway.
No prospective data regarding their use in the post ICI space exists. However, in the Albiges et al report [25] , everolimus was used in 11 of 56 patients in post ICI period with a median TTF of 4.8 (range, 0.5-23.0) months and 1 year OS survival rate of 27 (range, 4-58).
LENVATINIB PLUS EVEROLIMUS
The combination of everolimus with a multi-kinase inhibitor, lenvatinib, has been investigated. In an open label randomized phase II trial, 153 patients with metastatic RCC with PD on a VEGF-targeted therapy were randomized to 1:1:1 ratio to either lenvatinib, everolimus, or lenvatinib plus everolimus. The combination of lenvatinib plus everolimus led to improved PFS of 12.8 (95% CI, 7·4-17·5) vs. 9·0 months (95% CI, 5·6-10·2) in the lenvatinib arm, and 5·6 months (3·6-9·3) in the everolimus arm. PFS was statistically significantly superior with lenvatinib plus everolimus as compared to everolimus alone (HR, 0.45; p = 0.003) while there was no significant difference between lenvatinib alone and everolimus alone (HR, 0.62; p = 0.12). The ORR with lenvatinib plus everolimus was 35% as compared to 39% with lenvatinib alone and 0% with everolimus alone (p < 0·0001 for both comparisons) [41] . In a post-hoc updated analysis, the OS was also found to be significantly improved with lenvatinib plus everolimus as compared to everolimus alone (25·5 months [95% CI 16·4-NE] vs. 15·4 months [11·8-19·6]; HR, 0·51; 95% CI, 0·30-0·88; p = 0·024). Based on these data, the combination of lenvatinib plus everolimus was approved by the FDA for the treatment of patients with metastatic refractory RCC [42] .
Although no data regarding the efficacy of this combination in post-ICI space exists, it remains a reasonable option to consider.
ONGOING TRIALS
Several ongoing trials are investigating the role of TKIs, either alone or in combination with novel agents, for patients who have progressed on an ICI. Selected trials in this space are presented in Table 2 .
EXPERT OPINION
The first line treatment landscape of RCC is rapidly evolving and ICI have become a new SOC. There are limited data regarding the outcomes of patients who progress on ICI [43] . Similarly, optimal management of patients who progress after ICI is not fully defined. However, it appears that VEGF TKIs have become a "de-facto" choice of treatment in the post immunotherapy space. VEGF inhibitors have immunomodulatory effects with a potential to enhance the anti-tumor activity of ICI, and this has been the basis of combination of these agents with ICI. However, it remains unclear if the combination will be superior to sequencing of these respective agents. Nonetheless, the preliminary antitumor activity of VEGF TKI after ICI, as discussed above, provides a basis to use these agents until more definitive data is forthcoming. A proposed treatment algorithm is presented in Fig. 1 .
The preferred agent of choice also remains to be determined. Axitinib and tivozanib (full data awaited) have prospective data whereas cabozantinib has the largest retrospective data in this space. Cabozantinib also has in its favor the demonstration of OS improvement in a phase III trial over an active competitor (everolimus), whereas other agents have not produced this. Several factors including prior TKI used (if IO-VEGF combination is used), efficacy and safety will be considered in selection of a preferred TKI. The use of pazopanib and sunitinib in combination with ICI led to increased toxicity and thus limiting further development of either agent in these Pazopanib [47] This is an international, multicenter, single arm phase II trial to investigate the efficacy, safety and quality of life of pazopanib treatment after previous therapy with immune checkpoint treatment. This trial will provide first prospective evidence of pazopanib use in the post ICI space.
NCT03200717
Cabozantinib plus HIF Inhibitor [48] Hypoxia inducible factor (HIF)-Inhibitor PT 2977 is being evaluated in combination with cabozantinib in an open-label phase 2 study in patients with advanced ccRCC. The cohort 2 of this trial will enroll patients who have progressed on an ICI.
NCT03634540
Cabozantinib plus Glutaminase Inhibitor [49] This randomized, double-blind, placebo-controlled phase 2 study will evaluate the combination of glutaminase inhibitor in combination with cabozantinib in patients who progressed on either one antiangiogenic therapy or nivolumab and ipilimumab.
NCT03428217
Axitinib plus OX-40 antibody [50] This is a phase II trial investigating combination of axitinib and OX-40 antibody in patients who have progressed on ICI.
NCT03092856
Salvage ICI [51] [52] [53] Another area of clinical and research interest is treating patients with another ICI as a salvage treatment at the time of PD. Several ongoing trials are investigating the optimization and sequencing of ICI in RCC and will provide data regarding this approach.
combinations [44] . Since ICI are antibodies with long half-lives, caution should exercised regarding the sequence and appropriate washout time before starting these TKIs after PD on ICI, although in contradistinction the efficacy data for VEGF-IO combinations may suggest that overlapping exposure may improve efficacy even after progression on the ICI. The retrospective data have not shown an additional toxicity with VEGF TKI use in patients who progress on immunotherapy except for a potential early toxicity signals of ALT/AST elevation in one of the studies [24] . Three patients developed ALT/AST abnormalities (2 with Grade 3 and 1 with Grade 4 toxicity). Of these 3 patients, 2 started pazopanib 1 day after discontinuation of ICI (ipilimumab/nivolumab and atezolizumab/bevacizumab) while one patient started axitinib 4 weeks after nivolumab and ipilimumab discontinuation. The authors did not find any correlation between timing of TKI use and development of these toxicities but numbers are too small to make any definitive conclusion. Regardless of interaction with prior ICI, TKIs have long term chronic toxicities which can accumulate over time and significantly impair quality of life. Data regarding various optimization schemes of TKI use can be informative for clinicians and will evolve with our experience in the post ICI space [45] . Prior use of IO-IO vs. IO-VEGF combination may also impact the efficacy of subsequent treatment with a TKI. For example, in a retrospective study, ORR was higher for patients previously treated with combination of two ICI compared with ICI plus anti-VEGF combination, although this was not statistically significant (p = 0.678) [24] . Similarly, another retrospective study also reported higher ORR (36% vs. 10%, p = 0.039) for patients who were previously treated with ICI as compared to ICI plus anti-VEGF combination, although this didn't translate into improved PFS [23] . It should be noted that use of TKI after progression on a TKI has been a standard of care in RCC established by AXIS trial data [27] .
In conclusion, prospective data regarding the efficacy, safety and appropriate treatment selection are needed in patients who have progressed on ICI. Similarly, novel combinations with VEGF TKI are being explored in this space. For now, VEGF TKIs will continue to be used in this setting based on their relative efficacy and toxicity profile.
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